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Seiaaic  result*  from  six  large  blasts  in  the  Wisconsin  area  are  reported. 
The  observations  were  made  with  a  group  of  12  three-component  instruments, 
of  period  1  second,  looated  on  selected  bed-rock  sites.  Time  signals  at 
1  second  intervals  were  transmitted  by  radio.  On  the  scale  of  the  present 
experiments,  which  involved  an  area  about  600  km,  long  by  150  km.  wide,  the 
major  structure  revealed  was  a  relatively  homogeneous  layer  about  40  km. 
thick.  The  time -distance  segment  corresponding  to  this  layer  is  always  nearly 
linear)  and,  at  the  four  areas  investigated  Implies  congressional  wave  veloc¬ 
ities  of  6.16,  6,26,  6.22  and  6.16  km. /sec.  respectively.  Although  the 
ass\snption  of  a  hcawgeneous  layer  of  uniform  wave  velocity  leads  to  satis¬ 
factorily  small  residuals  (see  Table  I— the  mean  absolute  value  for  8  residuals 
for  the  Davenport  blast  is,  for  example,  ,09  seconds),  an  improved  fit  with 
the  observed  time-distance  data  results  throughout  the  area  if  the  wave 
velocity  in  the  major  layer  is  assuned  to  increase  linearly  with  depth,  in 
accordance  with  the  relations: 

v  ■  6,034(1  +  .0038*)  (Northern  Area) 

v  -  5.94(1  ♦  .0045*)  (Southern  Area) 

where  *  *  depth  below  top  of  layer  in  km. 

In  Table  III  is  shown  a  summary  of  the  seismic  interpretations  corres¬ 
ponding  to  several  postulated  crustal  models.  The  preferred  models, 

"Palmer  III"  and  "Davenport  II"  incorporate,  respectively,  the  two  velocity 
functions  above.  A  significant  effect  of  the  assumption  of  the  increase  in 
velocity  with  depth  is  the  increase  in  thickness  deduced  for  the  major  layer, 
and  the  decrease  assignable  to  the  thin  overlying  layer.  The  increase  (sue 
Table  III)  is  about  15  %,  but  the  decrease  in  the  thickness  of  the  super¬ 
ficial  layer  may  vary  from  25  %  to  several  hundred  percent.  The  residuals 
associated  with  the  several  crustal  models  specified  in  Table  III  are  listed 
in  Table  I.  Table  I  also  lists  complete  Time-Distance  data  for  compress ional 
phases  for  the  several  blast  locations.  The  non-homogeneous  layer  in  model 
"Palmer  HI"  avoids  the  ad-hoc  split  into  two  homogeneous  layers  involved  in 
the  two  comparison  equations  T  and  T  '.  Ihe  corresponding  Davenport  lodel 
"Davenport  II"  removes  a  small  systematic  trend  in  the  residuals  for  "Daven¬ 
port  I",  and  also  reduces  their  mean  absolute  magnitude  by  about  1/2.  Note, 
however,  that  the  first  arrival  at  ^  ■  204.2  km.  is  definitely  early  on 
either  basis.  (See  figure  3,  for  reproduction  of  this  seismogram.)  This 
early  arrival  is  attributed  to  the  fast  wavs.  below  the  Mohorovicic' discon¬ 
tinuity.  Plans  in  1940  to  observe  this  phase  at  greater  distances  with 
subsequent  Davenport  blasts  were  necessarily  abandonned  due  to  the  Impact 
of  the  war.  In  deducing  the  depth  to  the  Moho  discontinuity  at  Davenport, 
it  has  been  assumed  that  the  wave-velocity,  v-j,  is  8,17  km./sec.f  as  observed 
in  the  northern  part  of  the  area;  and  the  early  arrival  at  ^  -  204.2  is 
attributed  to  the  vj  phase.  More  extensive  observational  data  throughout 
the  area,  is  greatly  to  be  desired  in  amplification  of  the  present 
observations. 


The  scale  of  the  present  field  work  is  obviously  much  too  coarse  for 
mr.pping  the  details  of  the  thin  superficial  layer.  The  observed  velocities 
in  this  layer  vary  from  4.16  to  4.58,  and  the  thickness  from  .63  km.  in  the 
south  to  2.8  km.  in  the  north  (basis  of  preferred  interpretations).  That  the 
layer  can  not  be  subject  to  extremely  large  local  fluctuations  in  thickness 
or  wave  velocity  is  evidenced  by  the  generally  snail  and  regular  residuals  of 
the  time-distance  data  with  respect  to  smooth  comparison  functions.  These 
residuals  are  generally  less  than  ,1  or  .2  seconds,  indicating  that  the  local 
fluctuations  in  the  layer  thickness  are  generally  less  than  .4  to  1.2  km. 

The  travel-time  data  are  indeed  insensitive  in  the  present  case  to  variations 
in  the  thickness  of  the  superficial  layer. 

Hap  1  shows  the  distribution  of  the  blast  points  and  observing  stations. 
Figures  1  to  4  reproduce  16  of  the  seismograms.  In  particular.  Figure  I. 
Figure  2,  Figure  3,  (  /S.  •  143.3)  and  Figure  4  (e)  and  (f)  show  significant 
second  arrivals.  Figure  4  shows  6  pairs  of  "cuplicato"  records  and  the  use¬ 
ful  degree  of  similarity  of  such  pairs.  The  Palmer  records  were  duplicated 
pair-wise  with  an  east-west  separation  of  2.8  km.  between  shot  points  in 
neighboring  mines.  Figures  4  (e)  and  4  (f)  exhibit  comparisons  of  Palmer 
records  at  largs  epicentral  distances.  In  Table  II,  the  time-dictonc*  data 
are  consolidated  by  reduction  to  a  common  origin  time  at  /\ ■  112.2  km. 

(i.e.  the  midpoint  of  the  6.16-6.26  km. /sec.  segments).  This  choice  of 
origin  relegates  differences  due  to  local  conditions  near  the  blast  points  to 
the  initial,  less  significant  part  of  the  travel-time  curve.  The  preferred 
interoretations  lead  to  depths  to  the  Moho  of  40  to  44  km.,  with  a  thin 
superficial  layer  .6  to  2.8  km.  thick,  of  wave  velocity  about  4.2  to  4.5 
km. /sec.  In  the  major  layer  the  velocity  increases  gradually  from  about 
6.0  km./sec.  at  the  top,  to  7.0  km. /see.  at  the  bottom.  Below  this  layer, 
the  congressional  wave  velocity  is  about  8.17  km. /sec. 


Map  1. 


Location  of  Blaat  and  Observing  Stations. 
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Figure  1. 


Seismogram  for  Ilanistique,  ■  34»13  1cm.# 
Showing  Second  P  Phase. 


Figure  2.  Seismogram  for  Palmer,  -  128.0  km., 
Showing  second  P  Phase. 
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Seismograms  for  Sturgeon  Bay,  and  Seismogram  for  Daven 

-  204.2 
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Figure  4.  Record  Poire  for  Repeated  Blasts. 
277.5  Km. 
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A,  A’  Transverse  Component 
B#  B'  Vertical  Component 
C,  C*  Longitudinal  Component 
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TRAVEL  TLS  DATA  FOR  COMKffiSSIOKAL  PHASES 
Palmar  Mich.  (20,000  lbs.)  July  20,  1940  (t  =  origin  time  =  0  for  Palmer  Blast) 
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Table  I 


Travel-Time  Data  for  Compressor*!.  Phases, 
norresDondin*  to  Several  Cn^tal  .todels. 
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Composite  Travel-Time  Data,  Adjusted  to 
Common  Point.  =  112.2,  t  =  19.41 
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lfoter  Tbe  following  tiM  adjustments  mn  added  to  the  listed  values 
of  t  ~  tQ  in  Table  I  to  bring  tha  travel  tiM  a  into  accord  at  A=  112.2: 
PelMr  blast,  0;  Mani  stiqua  bleats,  .56  mo.  j  Sturgeon  Bay,  .11  sac; 
Davenport,  ,65  sec. 
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